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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic powder material 
and magnetic recording medium, which are high in saturation 
magnetization and true coercive force. 

SOLUTION: This magnetic powder material has an Fel6N2 phase, 
exhibiting high coercivity due to crystal magnetic anisotropy as a main 
phase, and has a specific surface area of 10 m2/g or larger. In this 
manufacturing method, metallic iron powder having particle diameters 
not larger than 0.5 pm or having a specific surface area of not smaller 
than 30 m2/g is reduced to obtain a metallic iron powder, and the 
metallic iron powder is nitrided in a relatively low temperature range 
of 100-250°C to obtain a iron nitride powder, having a Fel6N2 phase as 
a main phase and having a specific surface area of not smaller than 10 
m2/g. 
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CLAIMS 



[Claim(s)] 

[Claim l] The nitriding iron system magnetism powder ingredient which makes Fel6N2 phase the main phase 
and is characterized by specific surface area being more than 10m2/g. 

[Claim 2] The manufacture approach of the nitriding iron system magnetism powder ingredient characterized 
by carrying out reduction processing of the iron oxide powder more than the powder particle size of 0.5 
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micrometers or less, or specific surface area of 30m 2/g, generating the end of metal iron powder, carrying out 
nitriding treatment of the end of metal iron powder it was obtained, and generating a magnetic powder 
ingredient according to claim 1. 

[Claim 3] The magnetic-recording medium characterized by having the spreading layer of a magnetic powder 
ingredient according to claim 1 on a base material. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic-recording medium which used the magnetic 
powder for the suitable nitriding iron (Fe N) system magnetism powder ingredient for metal tapes, such as a 
cassette tape and a video tape, and its manufacture approach, and a list. 
[0002] 

[Description of the Prior Art] It is mentioned to the demand characteristics of a magnetic-recording medium 
that obtaining [ ** high power ] ** high recording density is obtained. For that purpose, it considers as the 
conditions which it should possess that the coercive force (iHc) of thing (Br' residual magnetic flux density) (c) 
truth with large (b) square shape ratio (Br/BS) with large (a) saturation magnetic flux density (BS) or 
saturation magnetization (sigmaS) is large as long as the magnetic head allows etc. 

[0003] Although the magnetic-recording medium of various ingredients is already proposed to such demand 
quality A magnetic -recording method is the thing of the recording method within a field. In for example, the 
case of the magnetic material of a spreading mold They are (saturation-magnetic flux density BS) =1600 2300G 
of gamma Fe 203, and true coercive force iHc=300-370 (Oe) extent. In the case of Fe metal (Fe basic metal), it is 
the value of BS=2300 - 3500(G) iHc=1100 1500 (Oe) extent (Metallurgical Society seminar "from a magnetic 
material introduction -foundation up to an advanced material" P75 - 1989). 

[0004] In such a technological background, iron system metal magnetism powder like Fe metal (Fe basic metal) 
system magnetism powder is used for metal tapes, such as a cassette tape and a video tape, as an ingredient of 
the magnetic-recording medium of a spreading mold. Generally, fusiform is carried out and the configuration of 
the magnetic powder is needlelike or the thing to which this tends to increase the true coercive force (iHc) 
which is one of the demand characteristics of a magnetic-recording medium using magnetic shape anisotropy. 
[0005] In order to make this true coercive force increase, there is also an example of a report which adds cobalt, 
aluminum, rare earth elements, boron, etc., and this is the effectiveness which controls sintering of the powder 
at the time of performing hydrogen reduction processing in the production process of magnetic powder, and 
containing these elements, and aims at buildup of a crystal magnetic anisotropy. And as magnetic properties of 
the iron system metal magnetism powder by these conventional techniques, the value of saturation 
magnetization sigmaS=120 170 (emu/g) and true coercive force (iHc) =1000 2400 (Oe) extent is acquired. 
[0006] 

[Problem(s) to be Solved by the Invention] However, it is required for the true coercive force (iHc) and the true 
saturation magnetization (sigmaS) of metal powder to be used to be still higher in order to attain the high 
increase in power of a magnetic-recording medium further, and in order to raise especially the recording density 
of a magnetic-recording medium, it is required for true coercive force to be high. On the other hand, since it is 
dependent on the magnetic shape anisotropy of metal powder as the conventional thing was mentioned above, 
the value of true coercive force is related to magnitude, a configuration, etc. of a particle. Therefore, the 
increment in the coercive force of truth [ limit / according with the metal magnetism powder of the conventional 
technique to configurations (for example, the axial ratio of needlelike magnetic powder is not made greatly) ] is 
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difficult. Moreover, true coercive force declines as the metal iron powder for the conventional magnetic 
recording atomizes, and in the major axis of 0.1 micrometers or less, that to which especially true coercive force 
exceeds 2000 (Oe) is not obtained. 

[0007] Therefore, it is required for a raise in the coercive force of metal iron powder to add cobalt, rare earth 
elements, etc. for the increment in a crystal magnetic anisotropy. For example, in JP,9"55306,A or 
JP, 10-83906, A, a 20 - 40mass% cobalt, about 10 mass(es)% rare earth elements, etc. are added for a raise in 
coercive force. However, since these alloying elements are expensive, they also have the problem of causing the 
cost high of an ingredient. 

[0008] The technical problem which is going to solve this invention has magnetic properties in not depending on 
magnetic shape anisotropy but offering the nitriding iron system magnetism powder ingredient for 
magnetic-recording media with still higher saturation magnetization and true coercive force depending on a 
crystal magnetic anisotropy, and manufacturing this by low cost. 
[0009] 

[Means for Solving the Problem] In order to solve this technical problem, the nitriding iron system magnetism 
powder ingredient of this invention makes a summary a thing [ having made Fel6N2 phase into the main 
phase, and having carried out specific surface area to more than 10m2/g like, ] according to claim 1. Although 
the magnetic powder which makes Fel6N2 phase the main phase was expected as matter with the value of big 
saturation magnetization (sigmaS) from the first, the high magnetic material of further true coercive force (iHc) 
is obtained by controlling the specific surface area of this magnetic powder. When specific surface area carries 
out to more than 10m2/g, a value high further enough as a value of true coercive force is acquired. 
[0010] Moreover, the manufacture approach of the nitriding iron system magnetism powder ingredient 
concerning this invention makes it a summary to carry out nitriding treatment of the end of the metal iron 
powder according to claim 2 which carried out reduction processing of the iron oxide powder (or more than 
[ specific surface-area of 30m 2/g ]) with a powder particle size of 0.5 micrometers or less like, generated the end 
of metal iron powder, and was obtained, and to generate a magnetic powder ingredient according to claim 1. 
[0011] Although contained in the iron oxide powder which is the start raw material of this invention also the 
end of metal iron powder the iron oxide was included in the part, since especially this invention is not a thing 
using the magnetic shape anisotropy of a powder ingredient, the thing of infinite forms, such as the shape of a 
ball and a cube configuration, can be used. 

[0012] Moreover, although it is desirable to depend on the hydrogen (H2) reduction generally used as for 
reduction down stream processing, it is not limited to this. Iron oxide powder is returned by this down stream 
processing in the end of metal iron powder. Furthermore, although there is ion-implantation etc. at a nitriding 
treatment process, it is common to perform nitriding treatment in the end of metal iron powder in the air 
current containing NH3 gas. And in order to obtain Fel6N2 phase as a main phase, as for nitriding treatment, 
it is desirable to carry out comparatively in the 100250-degree C temperature region of low temperature. 
[0013] Furthermore, the magnetic-recording medium concerning this invention makes it a summary to have 
the spreading layer of a nitriding iron system magnetism powder ingredient according to claim 1 on a base 
material. According to this magnetic-recording medium, the magnetization property which was excellent in 
saturation-magnetic flux-density BS=4000(G) and true coercive force iHc=1200-2200 (Oe) extent will be 
acquired, and a high increase in power as a magnetic-recording property and high recording density ization will 
be attained. 
[0014] 

[Embodiment of the Invention] The gestalt of suitable operation of this invention is explained with reference to 
a drawing below at a detail. Introduction drawing 1 shows the production process of the nitriding iron (Fe N) 
system magnetism powder ingredient concerning this invention. As shown in production process drawing of 
this drawing 1 , it is in the end of metal iron powder iron oxide powder like gamma Fe 203 or such iron oxide 
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powder is included in a part, and powder particle size carries out reduction processing for this in a hydrogen 
(H2) ambient atmosphere using a thing 0.5 micrometers or less, and nitriding treatment is performed in the 
mixed-gas air current which subsequently contained the inside of an ammonia (NH3) ambient atmosphere, or 
ammonia gas. 

[0015] The reduction conditions in the inside of H2 ambient atmosphere are good to carry out in a hydrogen 
(H2) air current, and it is desirable to carry out in the temperature region which is 300-500 degrees C. When it 
is less than 300 degrees C, a reduction reaction is inadequate and the magnetic powder which has big 
saturation magnetization after nitriding treatment cannot be obtained. Moreover, when exceeding 500 degrees 
C, sintering takes place a particle and between particles, and the magnetic powder which has big coercive force 
after nitriding treatment cannot be obtained. The nitriding treatment in the inside of NH3 ambient atmosphere 
is good to carry out in the mixed-gas air current containing the inside of an ammonia (NH3) air current, or 
ammonia gas (for example, mixed gas with the ammonia gas containing any one or more gas of an argon, 
hydrogen, and nitrogen), and, moreover, it is desirable to carry [ 100-250-degree C ] out comparatively in a low 
temperature region. If nitriding treatment temperature becomes high, Fel6N2 phase will become is hard to be 
obtained. Moreover, when too conversely low, it is in the inclination for progress of Fel6N2 phase generation to 
become slow. In addition, as for these gas, it is desirable for a high grade (5Ns or more) or the amount of oxygen 
to be several ppm or less. 

[0016] Next, since various kinds of experiments were conducted, the result is explained. 

(Example l) About 2g was put on the alumina boat in the infinite form superfines end of gamma-Fe 203 (C.I. 
Kasei make and specific-surface-area:55m2/g), and reduction processing of 8 hours was performed at 300 
degrees C among the hydrogen air current. AlphaFe was generated after reduction processing and the specific 
surface area was 30m2/g in measurement by the BET adsorption method. Nitriding treatment was performed 
for the returned iron powder for 130 degree-Cx 24 hours in the mixed-gas style of ammonia gas 100 cc/min and 
argon gas 50 cc/min, the sample was taken out after furnace cooling and magnetic measurement by the 
oscillating sample mold magnetometer (VSM) was performed. The magnetic properties of the obtained powder 
were saturation magnetization sigmaS=190 (emu/g) and true coercive force iHc=2250(Oe), and, similarly 
specific surface area was 22m2/g in measurement by the BET adsorption method. In addition, the magnetic 
properties of the sample powder which performed only reduction processing on the same conditions and was 
obtained after furnace cooling were saturation magnetization sigmaS=190 (emu/g) and true coercive force 
iHc=950(Oe). Thus, although specific surface area is falling as compared with the alpha Fe powder with which 
the magnetic properties of the powder which makes the main phase Fel6N2 phase generated by the nitriding 
treatment mentioned above performed only reduction processing, true coercive force is more than twice. It is 
shown that this has the crystal magnetic anisotropy of Fel6N2 phase larger than alphaFe, and it has become 
the antecedent basis which can offer the magnetic high powder ingredient of true coercive force depending on a 
crystal magnetic anisotropy in this invention. 

[0017] (Examples 2 5) Other conditions are the same although the charge of a test specimen changed having 
changed the reduction processing temperature in the inside of a hydrogen air current in 300 500 degrees C, and 
the reduction processing time by 610h like the case of an example 1 using the infinite form superfines end of 
gamma-Fe 203 (C.I. Kasei make and specific-surface-area 55m2/g). In these examples 2*5, the specific surface 
area of alpha Fe impalpable powder is changed by changing reduction processing conditions, and it was 
17-30m2/g in measurement by the BET adsorption method, and the specific surface area of the alpha Fe 
impalpable powder generated by reduction processing suited the inclination for the value of specific surface 
area to become small, so that reduced temperature became high. 

[0018] And the specific surface area in the end of nitriding iron powder which performed nitriding treatment of 
the returned iron powder on the same conditions as the case of an example 1, and was obtained by the nitriding 
treatment was 10-20m2/g. Moreover, as a result of performing the magnetic measurement, the magnetic 
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properties of the obtained powder were saturation magnetization sigmaS=200 (emu/g) and true coercive force 
(iHc) =1200-2000(Oe). 

[0019] (Example of a comparison) After putting about 2g on an alumina boat in the infinite form superfines end 
of gamma-Fe 203 (C.I. Kasei make and specific-surface area'55m2/g) and performing reduction processing of 8 
hours at 600 degrees C among a hydrogen air current, nitriding treatment is performed for the iron powder 
obtained from this reduction for 130 degree Cx 24 hours in the mixed-gas style of the completely same 
conditions as the case of examples 1-5, i.e., ammonia gas 100 cc/min, and argon gas 50 cc/min. When measured 
with the BET adsorption method, they were 550 (Oe) extent and a low value. 

[0020] Drawing 2 shows the relation between the specific surface area (m2/g) of the nitriding iron impalpable 
powder which makes the main phase Fel6N2 obtained phase about each example (examples 1-5) and the 
example of a comparison which were mentioned above, and true coercive force (iHc) to a graph. Moreover, the 
backup data is shown in a table 1. As shown in this drawing 2 , specific surface area (m2/g) and coercive force 
(iHc) have the relation which changes linearly, and they are in the inclination which the value of coercive force 
also increases proportionally as the specific surface area of nitriding iron impalpable powder increases. And 
1000 (Oe) whose coercive force is desired value is cleared by the hit to which specific surface area exceeds 
10m2/g, and a result from which coercive force with a specific surface area sufficient by below 10m2/g is not 
acquired is brought. 
[0021] 
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[0022] in addition, about composition of the impalpable powder of this Fel6N2 phase Structure and magnetism 
of nitriding iron FeXN (x> 4) which there is already a report by Kanemaru and others, and it nitrided with 
"ammonia plasma nitriding and heating among an ammonia air current" (in February, 1998) The 36th ceramic 
fundamental science debate data It is indicated by P60, and "composition and the magnetism" (collection P220 
of the 81st Japan Society of Powder and Powder Metallurgy spring convention lecture outlines (1998)) of 
alpha"Fel6N2. 

[0023] According to this report, suppose that the huge magnetization matter is expected by composition of the 
single phase of alpha"Fel6N2. As the magnetic properties, since the value of sigmaS or iHc was not specified, 
it merely experimented actually for the engine-performance comparison with this invention article. 
[0024] The following table 2 shows the comparison data of this invention article (the above-mentioned examples 
1-5) and the alpha" Fel6N2 phase by Kanemaru and others. Using 20gamma-Fe 3 needlelike powder (the 
product made from high-grade chemistry, specific surface area: about 20m2/g), the prototype of Fel6N2 phase 
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performed reduction processing of 8 hours for this at 500 degrees C among the hydrogen air current, and, 
subsequently performed nitriding treatment for ten days at the low temperature of 110 degrees C. 
Consequently the specific surface area of the alphaFe impalpable powder in the phase which carried out 
reduction processing was about 6m2/g after about 8m2/g and nitriding treatment, and the magnetization 
properties at that time were saturation magnetization sigmaS=170 (emu/g) and true coercive force iHc=500 
(Oe) extent. 
[0025] 
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[0026] And by Kanemaru's and others approach, the value of true coercive force (iHc) is not fully acquired, but 
in order for the value of the true coercive force (iHc) which is the demand characteristics as magnetic powder 
for magnetic recording to clear more than 1000 (Oe), it is required, as shown in this table 2 to consider as the 
manufacture conditions which limited the conditions (particle size and specific surface area) of magnetic 
powder. And although Fel6N2 phase is made into the main phase as well as Kanemaru's and others approach 
in this invention, it does not depend on magnetic shape anisotropy, but can obtain a magnetic powder 
ingredient not only with saturation magnetization (sigmaS) but the value of true coercive force (iHc) high as 
multiplication effectiveness of enlarging specific surface area of the magnetic powder paying attention to a 
crystal magnetic anisotropy. 

[0027] Following drawing 3 shows the relation between the value (sigma) of the magnetization in impression 
magnetic field lOkOe of iron system metal magnetism powder reported in the open patent official report until 
now, and true coercive force (iHc) as compared with the manifestation data of the magnetic material of the 
above-mentioned examples 1-5 concerning this invention. The value which is conventionally equal compared 
with elegance also in true coercive force iHc=1000"2300(Oe) is acquired maintaining a value with 170 to 
magnetization sigma=190 (emu/g) high extent in impression magnetic field lOkOe according to this invention 
article so that this drawing 3 may also show. 

[0028] Drawing 4 shows roughly the cross-section structure of a magnetic-recording medium where the 
magnetic powder ingredient of this invention was used. This magnetic-recording medium 10 is a thing 
supposing a metal tape, applies what mixed with the suitable solvent the magnetic powder which makes 
Fel6N2 above-mentioned phase the main phase, the nonmagnetic powder for reinforcement (alpha-aluminum 
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203 grade), and binders (thermoplastic vinyl resin, urethane resin, etc.) to the front face of the base material 12 
which consists of polyester film, and forms the magnetic powder spreading layer 14 in it. 

[0029] It is desirable to make distribution of the magnetic powder of Fel6N2 phase into homogeneity, and to 
also smooth a paint film front face enough. Moreover, it is made good from fields, such as noise reduction, to 
also make pack density of magnetic powder high. 

[0030] Alterations various in the range which is not limited to the above-mentioned gestalt of operation at all, 
and does not deviate from the meaning of this invention are possible for this invention. For example, although 
the infinite form impalpable powder of gamma Fe 203 was used as a start raw material in the above-mentioned 
example, it is good also considering alpha Fe 203, FeO, Fe 304, etc. as a start raw material. Moreover, it is 
possible also by skipping reduction down stream processing using direct metal iron impalpable powder (more 
than specific-surface-area of 10m 2/g) to obtain the magnetic powder of the same presentation. 
[0031] 

[Effect of the Invention] According to the magnetic powder ingredient of this invention, the value of high 
saturation magnetization and true coercive force is acquired by carrying out that specific surface area to more 
than 10m2/g by making Fel6N2 phase into the main phase, and with this Fel6N2 phase, since it is thought 
that high coercive force is discovered with a crystal magnetic anisotropy, there is no limit in a powder 
configuration and it is not necessary to produce magnetic powder which has which needlelike magnetic shape 
anisotropy. Moreover, since it is high coercive force even if it does not add expensive alloying elements, such as 
cobalt, like before, low cost-ization of a manufacturing cost is expectable. Therefore, with the conventional 
technique, since the magnetic properties as a magnetic powder ingredient for record media with a limitation 
improve, a commercial scene can be cheaply provided with the magnetic-recording medium which was further 
excellent in properties, such as high power and high recording density. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is drawing having shown the production process of the nitriding iron system (Fel6N2 phase) 
magnetism powder ingredient concerning this example. 

[Drawing 2l It is drawing having shown the relation between the specific surface area (m2/g) of the magnetic 
powder ingredient concerning this example, and true coercive force (iHc). 

[Drawing 3l It is drawing having shown the comparison with the relation between the value (sigma) of the 
magnetization in impression magnetic field lOkOe of iron system metal magnetism powder reported in the 
open patent official report, and true coercive force (iHc), and it of the magnetic material concerning an example. 
[Drawing 41 It is the cross- section outline block diagram of the magnetic-recording medium by which the 
magnetic powder ingredient of this invention is applied. 
[Description of Notations] 
10 Magnetic-Recording Medium 
12 Base Material 

14 Magnetic Powder Spreading Layer 
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